Rapid evolution of arginine deiminase for improved anti-tumor activity.
Arginine deiminase (ADI), an arginine-degrading enzyme, has been studied as a potential anti-cancer agent for inhibiting arginine-auxotrophic tumors, such as melanomas and hepatocellular carcinomas. Based on our preliminary results, it was noticed that the optimum pH of ADI from Pseudomonas plecoglossicida (PpADI) was 6.0, and less than 10% of the activity was retained at pH 7.4 (pH of human plasma). Additionally, the K(m) value for wild-type ADI (WT-ADI) was 2.88 mM (pH 6.0), which is over 20 times of the serum arginine level (100-120 μM). These are two major limitations for PpADI as a potential anti-cancer drug. A highly sensitive and efficient high-throughput screening strategy based on a modified diacetylmonoxime-thiosemicarbazide method was established to isolate ADI mutants with higher activity and lower K(m) under physiological pH. Three improved mutants was selected from 650 variants after one round of ep-PCR, among which mutant 314 (M314: A128T, H404R, I410L) exhibiting the highest activity. Interestingly, sequence alignment shows that three amino acid substitutes in M314 are coincident with corresponding residues in ADI from Mycoplasma arginini. The specific activity of M314 (9.02 U/mg) is over 20-fold higher than that of WT-ADI (0.44 U/mg) at pH 7.4, and the K(m) value was reduced to 0.65 mM (pH 7.4). Noticeably, the pH optimum was shifted from 6.0 to 6.5 in M314. Homology model of M314 was constructed to understand the molecular basis of the improved enzymatic properties. This work could provide promising drug candidate for curing arginine-auxotrophic cancers.